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RESULTS  OF  INVESTIOATIONS  OF  THE  EFFECT  OF  lONIZINa  RADIATION  ON 
THE  RETINA  AND  CERTAIN  PHOTOSENSITIVE  SYSTEMS 

0.  Q.  Demlrchoglyan  et  al. 

The  problem  of  the  reactions  of  the  nervous  system  are  of  Inqpor- 
tance  when  studying  the  mechanisms  of  radiation  Injury  to  an  organism. 
Is  the  reaction  that  portion  of  an  organism  which  first  responds  to 
the  effect  of  Ionizing  radiations,  or  are  the  changes  in  It  secondary 
owing  to  physical,  chemical,  and  biochemical  changes  In  the  environ¬ 
ment?  In  present-day  radloblology  there  Is  hardly  any  area  as  little 
studied  as  that  of  the  role  of  the  nervous  system  In  radiation  damage 
of  an  organism.  As  Academician  L.  A.  Orbell  [l]  pointed  out,  the  role 
of  the  nervous  system  Is  especially  apparent  in  the  case  of  long-term 
exposure  to  Irradiation  In  small  doses,  because  under  massive  effects 
disorders  of  vital  functions  are  great  and  the  role  of  the  nervous 
system  can  be  kept  In  the  background  or  disguised. 

Our  laboratory  has  been  Investigating  the  effect  of  Ionizing  rad¬ 
iation  on  the  retina,  which  can  be  oonsldered  as  a  unique  portion  of 
the  central  nervous  system  brought  out  to  the  periphery.  Therefore, 
any  result  obtained  In  the  experiments  on  the  i^etlna  Is  of  substantial 
Importance  for  the  characteristics  of  radlosensltlvlty  of  the  nervous 
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system  as  well  as  of  interest  for  evaluating  the  status  of  visual  re¬ 
ception  under  these  conditions.  There  Is  still  another  characteristic 
of  radiobiological  Investigations  of  the  retina.  The  fact  Is  that  the 
results  of  the  electroencephalographic,  conditioned-reflex,  and  other 
investigations  into  the  effect  of  ionizing  radiation  apparently  do 
not  characterize  the  limit  of  radlosensltlvlty  of  the  nervous  system, 
since  the  formations  Investigated  In  the  aforementioned  experiments 
have  evident  potentialities  for  compensating  the  r<)ui&u..on  changes. 

The  retina  of  an  Isolated  eye,  used  In  certain  of  our  experiments.  Is 
extremely  suitable  from  this  point  of  view  for  solving  the  problem 
stated,  because  It  has  minimum  capacities  for  compensation  of  the 
changes  that  occurs. 

We  used  different  methods  to  work  out  the  problem  of  the  effect 
of  Ionizing  radiation  on  the  retina:  electroretlnography  (ERG)  (l.e., 
the  recording  of  the  electrical  potentials  of  the  retina)  with  the 
use  of  a  contact  eye  lens-electrode,  microelectrode  techniques  for 
recording  the  Intraretlnal  potentials,  amperemetrlc  determination  of 
the  content  of  the  sulfhydryl  group  In  the  retina  and  a  measurement  of 
the  absorption  spectra  of  the  visual  pigment,  rhodopsln^  extracted  from 
the  retina,  and  morphologic  and  certain  histochemical  analyses.  To 
ascertain  the  radlosensltlvlty  of  various  photosensitive  systems  we 
studied  biological  objects  whose  eye  structure  was  at  different  levels 
of  evolutionary  development  —  the  elementary  light-sensitive  formations 
of  worms,  the  faceted  insect  eye,  the  chambered  eye  of  vertebrates 
and  others. 

Our  Investigations  produced  experimental  data  which  indicate 
that  comparatively  small  doses  of  Ionizing  radiation  affect  the  func¬ 
tional  properties  of  the  retina.  This  Is  In  contrast  to  the  worlcs  of 
certain  Soviet  [2,  31*  American  [4],  and  other  authors,  who  established 
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morphologic  and  functional  changes  In  the  visual  apparatus  at  large 
doses  of  Ionizing  radiation  (thousands  and  tens  of  thousands  of  ro¬ 
entgens). 

Weak  radiation  effects  (10-50  r)  cause  definite  changes  In  the 
functional  properties  of  the  retina  of  Isolated  frog  eyeball «  which 
were  deteznlned  by  the  ERQ.  Irradiation,  so  to  speak,  sharply  accel 
erates  the  process  of  retinal  necrosis  [3]*  Whole-body  Irradiation 
of  frogs  (doses  of  3OOO  r)  lead  to  an  appreciable  suppression  of  the 
ERG  waves  (Fig.  1).  Simultaneously  with  the  changes  In  the  action 
currents,  we  also  noted  shifts  In  the  value  of  the  rest  current  of 
the  retina. 


Pig.  1.  ERG  of  the 
frog  eye  In  the  norm 
and  with  Irradiation. 
1)  Decrease  of  the 
ERQ  of  Isolated  eyes 
of  Intact  frogs;  2) 
decrease  of  ERQ  of 
Isolated  eyes  of 
frogs  Irradiated  with 
a  dose  of  JOOO  r;  time 
In  min  Is  plotted  on 
the  abscissa  and  the 
ERG  in  microvolts  Is 
on  the  ordinate. 


In  another  series  of  experiments  the  electroretlnograms  were  re 
corded  In  unanestheslzed  rabbits  (by  means  of  a  contact  lens)  that 
were  placed  In  a  darkened  screened  chamber  (doses  of  300  and  900  r). 
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An  appreciable  amplification  of  the  electroretlnogram  components  im¬ 
mediately  after  irradiation  was  stopped,  was  observed  in  almost  all 
irradiated  animals.  If  the  ERG  was  recorded  one  hour  or  more  after  . 
irradiation,  the  amplification  of  the  ERG  was  less  expressed.  During 
the  following  days  it  underwent  considerable  fluctuations  and  dropped 
prior  to  the  death  of  the  rabbits. 

Upon  acute  irradiation  of  the  animals  (rabbits,  doses  of  500  and 
900  r),  the  changes  in  the  ERG  and  the  adaption  of  the  retina  were 
demonstrated  before  we  noted  pathologic  shifts  in  the  morpholoclc  pic¬ 
ture  of  the  blood  and  the  level  of  the  Intraocular  pressure.  However, 
in  these  cases  the  biocurrents  of  the  eye  were  retained  up  to  the  rad¬ 
iation  death  of  the  animals  [6]. 

For  a  year  and  a  half  our  laboratory  carried  out  systematic  in¬ 
vestigations  of  the  chronic  effect  of  ionizing  radiation  on  the  func¬ 
tional  properties  of  the  retina.  In  these  investigations  we  used  as 
functional  tests:  a)  the  recording  of  the  ERG  of  awake  rabbits  by  the 
contact  lens-electrode  method  In  response  to  a  light  flash  and  pro¬ 
longed  Illumination,  b)  determination  of  the  rate  of  the  processes  of 
light  and  dark  adaptation  of  the  eye  by  the  ERG  method,  c)  measurement 
of  the  Intraocular  pressure  by  the  Pllatov-Kalff  method,  d)  determina¬ 
tion  of  certain  formed  elements  of  the  blood,  e)  measurement  of  the 
animals'  weight. 

To  determine  the  limits  of  normal  variations,  all  these  Indexes 
were  systematically  studied  for  seven  months.  Only  after  this,  was 
the  group  of  rabbits  (4  animals)  exposed  to  chronic  irradiation  with 
a  dally  dose  of  2.5  r.  Other  animals  (4  animals)  acted  as  the  controls. 

The  Investigations  of  the  chronic  effect  of  radiation  revealed 
that  when  rabbits  received  a  total  dose  of  125  r,  a  certain  Intensifi¬ 
cation  both  In  the  fluctuations  of  the  Indexes  reflecting  the  functions 
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of  the  retina  (ERQ,  light  and  dark  adaptation.  Intraocular  pressure) 
and  the  morphological  picture  of  the  blood  can  be  noted  In  the  Irradi¬ 
ated  animals.  We  detected  a  certain  tendency  for  the  development  of 
leukopenia  In  the  Irradiated  rabbits,  dlsoiTders  of  higher  nex^vous  func¬ 
tions,  and  signs  of  "radiation  cataracts"  appeared.  All  these  features, 
as  Is  known,  are  characteristic  of  the  first  period  of  chronic  radia¬ 
tion  sickness.  By  the  end  of  the  Investigation  (upon  Increasing  the 
total  dose  to  400  r)  the  differences  between  the  Irradiated  and  the 
control  animals  Increased  (Pig.  2).  The  average  value  of  the  electri¬ 
cal  response  of  the  retina  of  Irradiated  rabbits  was  222  microvolts, 
whereas  In  the  controls  It  was  588  microvolts. 


Fig.  2.  Distribution  of  the  ERQ  values  de¬ 
tected  In  the  rabbits.  On  the  abscissa  Is 
the  ERO  value  In  microvolts,  on  the  ordinate 
Is  the  probability  of  the  demonstration  of  a 
response;  a,  b,  c,  d;  1)  before  Irradiation 
(7  months),  2)  during  chronic  Irradiation  (7 
months),  e,  f:  for  two  unlrradlated  control 
rabbits  during  the  same  periods. 


In  the  histological  Investigation  of  rabbit  eyes  subjected  to 
chronic  Irradiation,  we  noted  certain  changes  from  the  side  of  the 
photoreceptor  layer.  The  fibers  of  the  optic  nerve  and  the  ganglion 
cells  of  the  retina  were  relatively  Intact.  Noticeable  cataractous 
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changes  were  detected  In  the  lenses. 

These  facts  Indicate  a  tendency  for  an  aggravation  of  the  func¬ 
tional  state  of  the  retina  of  the  animals  exposed  to  mild  chronic  ir¬ 
radiation.  This  ability  of  the  retina  to  accumulate  and  sum  the  ef¬ 
fect  of  Ionizing  radiation  probably  conceals  one  of  the  sources  of  the 
danger  of  increasing  the  natural  level  of  radiation.  Since  the  Invest¬ 
igations  were  performed  on  a  small  number  of  experimental  animals^ 
further  observations  are  needed  to  confirm  these  deliberations. 

We  can  note  substantial  differences  by  comparing  the  results  of 
our  investigations  on  the  effect  of  ionizing  radiation  on  Isolated 
retina  preparations  and  on  the  retina  in  the  Intact  animal.  The  iso¬ 
lated  retina  is  vastly  more  subject  to  the  action  and  damage  of  radla- 
tlon  than  when  in  an  Intact  animal.  In  the  latter  case  the  radiation 
changes  in  the  retina  are  explainable  not  only  by  the  direct  effect 
of  radiation  on  the  tissue,  but  also  by  the  indirect,  reflex  effect 
with  the  participation  of  the  nervous  and  endocrine  mechanisms,  in¬ 
cluding  the  compensatory  mechanisms. 

The  high  radlosensltlvlty  of  the  retina  was  clearly  established 
by  us  in  the  experiments  on  the  effect  of  small  amounts  of  radiophos¬ 
phorus  upon  its  incorporation  into  an  excised  eyeball.  However,  the 
experiments  on  the  effect  of  radioactive  strontium  on  the  functional 
properties  of  the  retina  were  especially  demonstrative  (the  experi¬ 
ments  were  performed  together  with  Lebedinskiy  [7])*  After  applying 
the  Isotope  (dose  of  10“*  mlcrocurles/cm)  to  the  retina,  we  obseirved 
a  rapid  attenuation  of  the  bloelectrlcal  activity  in  all  its  conqponents. 
When  strontium  in  a  concentration  of  10"®  mlcrocurles/cm  was  applied 
to  the  preparation,  the  effect  of  this  action  no  longer  differed  from 
the  effect  of  the  control  solution  of  stable  strontium. 


-6- 


A  calculation  showed  that  under  conditions  of  an  active  effect 
of  strontium,  the  radioactivity  of  the  retina  was  1.6  •  lO"*"®  curie, 
which  corresponds  to  7  *  10“ ®  ferml/mln.  The  natural  background  of 
radlostrontlum  only  somewhat  exceeded  the  background  radiation. 
Nevertheless  a  biological  effect  was  recorded. 

As  Is  known,  the  retina  Is  an  exceptionally  complex  nervous  fozn- 
atlon  which  Is  similar  In  structure  to  the  cerebral  cortex.  It  con¬ 
tains  both  photoreceptor  elements,  rods  and  cones,  and  an  entire  sys¬ 
tem  of  synaptic  formations,  horizontal  connections,  efferent  fibers, 
and  also  Intrinsic  elementary  nervous  centers,  the  ganglion  cells. 
Therefore^  It  Is  natural  that  the  question  arises,  what  layers  and  ele¬ 
ments  of  the  retina  are  affected  by  radiation  changes  and  what  Is  the 
radlosensltlvlty  of  Its  Individual  elements. 

According  to  the  data  of  the  American  Investigators  Clbrls, 

Noell,  and  Elchel  [4],  X-radlatlon  In  large  doses  first  destroys  the 
visual  receptors,  leaving  the  bipolar  and  ganglion  cells  of  the  retina 
Intact.  It  la  extremely  essential  that  the  action  of  Ionizing  radia¬ 
tion  In  this  Inspect  Is  analogous  to  the  effect  on  the  retina  of  the 
potent  metabolic  Inhibitor  lodoacetate  which  Just  as  selectively 
destroys  the  receptor  layer,  leaving  the  ganglion  cells  untouched. 

The  relative  radioresistance  of  the  retina  ganglion  cells  was 
confirmed  In  our  laboratory  by  hlstochemlcal  Investigations.  The 
layer  of  nerve  fibers  and  the  ganglion  cells  with  their  processes  was 
revealed  with  exceptional  clarity  upon  treating  plane  preparations  of 
the  retina  by  Oomorl's  method  for  acid  phosphatase.  The  nerve  fibers 
and  ganglion  cells  with  peripherally  shifted  nuclei  are  revealed  with 
the  same  distinctness  In  the  retina  of  Irradiated  eyes  (dose  of  3000  r). 
Pathological  formations  resembling  a  culture  flask  were  frequently 
noted  in  the  preparations.  These  formations  were  nicely  ’’stained,  ” 
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structureless,  and  have  the  shape  of  "woms”  with  a  tall  (Fig.  5). 
Precisely  the  same  fomatlons  were  detected  In  the  experiments  with 
Irradiation  of  isolated  rabbit  retina  with  small  doses  (35  r).  Thus, 
these  formations  are  associated  with  Irradiation.  If  we  talce  Into 
account  that  degeneration  of  the  photoreceptors  and  the  drop  of  the 
ERQ  take  place  at  these  doses  of  Irradiation,  then  retention  of  the 
ganglion  cells  and  the  conducting  pathways  does  not  save  ihe  situation 
since  photoreception  Is  impossible  anyway. 

The  faceted  eyes  of  Insects,  which  can  perceive  high-frequency 
flickering  of  light  and  ultraviolet  radiation,  are  systems  that  are 
truely  amazing  In  their  complexity  and  perfection.  There  are  two 
types  of  Insect  eyes.  The  first  Is  characterized  by  a  relatively 
simple  and  slow  ERQ  (for  example,  the  eye  of  the  grasshopper)  and  can¬ 
not  perceive  a  frequency  of  more  than  20-30  oscillations  per  second. 
The  second  type,  for  exan5)le  In  the  blowfly  (Calllphora)  is  character¬ 
ized  by  a  rapid  and  highly  labile  reaction.  It  can  perceive  flicker¬ 
ing  light  up  to  300  flashes  per  second. 

The  object  of  our  investigation  was  the  mallow  moth,  a  destruc¬ 
tive  pest  of  the  Armenian  cotton  fields.  While  studying  the  problem 
of  the  use  of  Ionizing  radiation  to  combat  destructive  Insects,  we 
encountered  an  Interesting  form  of  damage  to  the  visual  apparatus  upon 
Irradiating  these  Insects. 

The  mallow  moth  was  X-lrradlated  In  the  chrysalis  stage. with 
total  doses  of  1,  5,  10,  and  15  curie.  The  controls  were  butterflies 
which  had  emerged  from  unlrradlated  chrysalises.  For  the  electro- 
physiological  Investigations  of  the  mallow  moth  eye,  we  used  the  low- 
frequency  electronic  oscillograph  ENO-1  equipped  with  a  d-c  amplifier. 
A  metallic  microelectrode  (20  microns  In  diameter)  was  In  contact  with 
a  group  of  ommatldla  on  the  surface  of  the  compound  Insect  eye.  In 
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Fig.  3.  Total  preparation  of  rabbit  retina. 
Local  Irradiation  of  the  eye  region  with  a 
doae  of  3000  r  (treatment  by  Qomorl  method), 
amplification  6  x  20. 


Fig.  4.  ERQ  of  eye  of  normal 
mallow  moth  (A)  and  irradiated 
insect  (B). 


The  ERG  recording  of  Irradiated  butterflies  revealed  substantial 
changes  at  doses  from  5  curie  and  higher.  In  some  cases  the  ERG  was 


-Q- 


absent  In  general.  In  others  It  was  recoixied  in  an  attenuated  form 
(Plg.  4).  It  Is  essential  that  these  disorders  in  the  work  of  the 
eye  were  noted  simultaneously  with  the  establishment  of  an  appreciable 
inhibition  of  the  fertility  of  the  butterflies. 

A  direct  consequence  of  the  exceptionally  high  radlosensltlvlty 
of  the  retina  Is  Its  amazing  ability  to  be  excited  by  X-rays  and  Ir¬ 
radiation  from  radioactive  elements,  i.e.,  so-called  radlophosphene. 
This  property  of  the  human  eye  was  described  by  the  Russian  scientist 
London  [8]  and  then  remained  unlnvestlgated  for  a  long  time.  The  di¬ 
rect  effect  of  radiation  on  the  retinal  tissues  Is  of  enormous  inter¬ 
est  for  a  number  of  problems  under  consideration  in  the  present  report, 
since  It  reveals  still  unknown  mechanisms  of  photoreceptor  excitation 
In  a  completely  different  range  of  electromagnetic  radiations  than  the 
visible  region  of  the  spectrum.  It  is  essential  that  the  threshold 
doses  of  radiation  needed  for  the  visual  effect  be  very  low  (mr). 

To  estimate  the  direct  or  immediate  effects  of  ionizing  radl*tlor^ 
we  also  Investigated  various  photosensitive  systems.  A  photometric 
analysis  of  the  so-called  chromatophore  reactions  showed  that  Illumin¬ 
ation  of  frog  skin  led  to  the  concentration  of  pigment  In  the  chroma- 
tophores,  which  was  expressed  in  a  drop  of  the  light  transmission  co¬ 
efficient  of  the  skin.  Darkness  preduces  the  opposite  effect.  This 
photosensitive  system  is  insensitive  to  the  effect  of  Ionizing  radia¬ 
tion;  X-rays  In  doses  from  50  to  5000  r  did  not  evoke  any  noticeable 
reactions  in  the  dark. 

Another  of  the  reactions  we  selected,  the  motor  response  of  the 
earthwoiTO  upon  Illuminating  its  surface,  proved  to  be  radiosensitive. 
When  we  recorded  the  movements  of  worms  on  a  recording  potentiometer 
by  means  of  a  piezoelectric  sensor,  we  revealed  motor  reactions  of 
the  worm  upon  irradiation  with  200  r,  and  with  better  results  at  a 
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dose  of  500  r.  We  must  point  out  that  the  motor  reaction  Is  not  so 
stable  or  evident  as  the  light  reaction  and  by  no  means  Is  demonstrated 
In  each  Irradiation  of  the  preparation. 

Interest  In  the  problem  of  the  direct  radlostlmulatlon  of  tissues 
has  grown  considerably  on  the  part  of  foreign  Investigators.  The 
studies  of  Hug  [9]  revealed  a  reflex  response  of  certain  lower  animals 
to  very  small  doses  of  Irradiation:  the  movements  of  the  feeler  of 
snails,  the  shells  of  mollusks,  and  of  certain  Insects.  The  American 
Investigators  reported  on  the  direct  response  of  daphnla  to  Irradia¬ 
tion.  The  observations  of  roentgenologists  have  frequently  revealed 
certain  reactions  following  Immediately  after  irradiation:  disorders 
In  the  normal  movements  of  the  Intestine  and  stomach,  retardation  of 
the  normal  passage  of  food  through  the  stonach,  and  others.  All  this 
characterizes  the  possibility  of  the  development  of  "instantaneous” 

.  biological  and  physical  responses  to  the  action  of  lonlzlirg  radiation, 
which  can  be  of  substantial  Importance  in  over-all  radiation  damage. 
Meanwhile  this  possibility  Is  simply  being  Ignored  In  most  Investiga¬ 
tions,  but  by  virtue  of  Its  fundamental  significance  It  should  become 
the  object  of  special  investigations.  The  retina.  It  seems  to  us.  Is 
the  object  which  Is  exceptionally  suitable  for  these  Investigations. 

To  explain  the  results  cited  In  this  article,  we  must  take  Into 
account  the  characteristics  of  the  processes  which  underlie  the  act 
of  photoperception.  It  Is  quite  essential  that  the  photochemical 
phenomena  occurring  In  the  retina  and  determining  Its  sensitivity  to 
light,  are  Intimately  dependent  on  the  state  of  the  sulfhydryl  groups 
forming  a  part  of  the  protein  carrier  of  rhodopsln  and  other  visual 
pigments.  As  the  investigation  of  Wald  and  Brown  [lO]  showed,  the 
bonding  of  the  sulfhydryl  groups  by  thiol  poisons  precludes  the  pos¬ 
sibility  of  the  normal  flow  of  photochemical  and  reductive  processes 
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and  thus  should  affect  the  bioelectrical  reactions  of  the  retina. 
Therefore,  one  of  the  probable  possibilities  of  explaining  the  nature 
of  the  active  effect  of  ionizing  radiation  on  the  functions  of  the 
retina  lies  in  the  disturbance  of  the  normal  state  of  the  sulfhydryl 
groups  owing  to  their  oxidation  by  the  products  of  water  radiolysla. 
This  should  inevitably  lead  to  an  Inhibition  of  the  biochemical  cycle 
in  the  retina  and  its  electrical  response  to  illumination.  The  proof 
of  this  hypothesis  are  the  data  of  our  laboratory  on  the  direct  deter¬ 
mination  of  the  content  of  sulfhydryl  groups  in  homogenates  by  the 
amperemetrlc  titration  method.  In  various  series  of  experiments  with 
irradiation  of  homogenates.  Isolated  retina,  and  the  eye  region  of 
whole  frogs,  wa  detected  a  drop  in  the  total  content  of  the  sulfhydryl 
groups  at  doses  as  low  as  50  r,  which  progressed  with  an  Increase  of 
dose  power  (Pig.  5)«  The  possibility  of  direct  photochemical  changes 
In  photopigments  under  the  effect  of  ionizing  radiation  must,  appar« 
ently,  be  excluded.  This  is  proved  by  the  investigations  of  Peslcln, 
who  detected  bleaching  of  rhodopsln  only  at  doses  in  millions  of  ro¬ 
entgens  [ill. 

We  must  pay  particular  attention  to  the  experimentally  detected 
"excitation"  phase  —  an  Increase  in  radiosensltlvlty,  an  Increase  in 
the  ERO  amplitude  during  the  first  phases  of  the  radiation  effect. 

This  characteristic  of  the  reactivity  of  the  retina  can  be  compared 
with  the  above-mentioned  group  of  experiments  on  the  direct  stimula¬ 
tion  of  the  retina  by  ionizing  radiations  (X-radlatlon  and  radlophos- 
phene).  Apparently,  in  both  cases  we  are  dealing  with  a  change  of  a 
certain  portion  of  the  photosensitive  molecules  to  an  excited,  meta¬ 
stable  state  with  an  Increase  in  the  energy  supply  without  ionization. 
Without  a  doubt  this  form  of  response  of  the  retina  differs  from  a 
state  of  damage  and  indicates  the  presence  in  the  organism  of  tissues 
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capable  of  sustaining  the  state  of  direct  excitation  Induced  by  Ioniz¬ 
ing  radiation.  However,  this  hypothesis  requires  additional  experi¬ 
mental  substantiation. 
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Fig.  5*  Content  of  sulfhydryl 
groups  In  homogenates  of  retina 
In  different  foms  and  doses  of 
Irradiation.  A)  Irradiation  of 
retina  homogenates;  B)  Irradia¬ 
tion  of  Isolated  retina;  C)  Ir¬ 
radiation  of  eye  region  of  whole 
frog. 


We  note  In  conclusion  that  the  results  of  our  radiobiological  In¬ 
vestigations  of  the  retina  as  a  part  of  the  central  nervous  system 
agree  nicely  with  the  data  on  the  high  sensitivity  of  the  CNS  Itself 
to  the  radiation  factor,  which  were  obtained  by  other  methods  (Livanov 
[12],  Orlgor'yev  [ij],  etc.  ).  As  a  whole  these  data  prove  the  high 
radlosensltlvlty  of  the  nervous  system  and  raise  the  question  with  re¬ 
gard  to  protecting  It  from  the  action  of  Ionizing  radiation. 
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